Let P be the Petersen graph. The main results of this paper are the discovery of infinite families of chromatically equivalent pairs of P homeomorphs and the discovery of infinite families of flow equivalent pairs of P amallamorphs. In particular, three families of P homeomorphs with 8 parameters, five families with 7 parameters and many families with fewer parameters are obtained. Also one family of P amallamorphs with 9 parameters, three families with 7 parameters, seven families with 6 parameters and many families with fewer parameters are obtained.
Introduction
In order to obtain a general formula for chromatic polynomial of all homeomorphs of the Petersen graph, we need to know some properties of the flow polynomial and some properties of the chromatic polynomial. Much information about the flow polynomial can be found in [3] , [4] and [5] . Let G be a graph with vertex set
V (G) and edge set E(G). The cyclomatic number of G, ν(G) is defined as ν(G) = |E(G)| − |V (G)| + κ(G)
where κ(G) denotes the number of components. In [5] , Tutte defines the flow polynomial, F (G, λ), of a graph G as a graph function and as a polynomial in an indeterminate λ with integer coefficients by F (G, λ) = (−1)
|E(G)|

S⊆E(G)
|S| λ
ν(G:S)
where (G : S) denotes the spanning subgraph of G with edge-set S. F (G, λ) is a polynomial in λ which gives the number of nowhere-zero λ-flows in G independent of the chosen orientation. Tutte [5] also defines the chromatic polynomial, P (G, λ) , of a graph G by P (G, λ) =
S⊆E(G)
(−1) |S| λ
κ(G:S)
When λ takes a positive integral value n, P (G, n) is the number of "proper vertex" n-colorings of G. For more information on chromatic polynomials see [2] . It is often more convenient to work with the new variable ω = 1 − λ. Tutte [5] states some important properties of the flow polynomial F (G) of a graph G, where G can be any graph, possibly with multiple edges and/or loops, as follows:
ν and all terms in F (G, ω) have the same sign. , λ) , where G and G are obtained from G by deleting and contracting the edge e, respectively. If we start with a graph G and insert some vertices of degree 2 into some or all of its edges, we obtain a homeomorph of G where the edges of G become chains in the homeomorph. In computing the chromatic polynomial of a homeomorph of G, it is efficient to remove an entire chain in one step instead of removing the chain one edge at a time. Read and Whitehead [3] obtain the "CRF" or the Chain Removal Formula:
Property 1.2 If e is any edge of
In CRF, H is a graph having a chain of length m, J is the graph obtained from H by deleting this chain, and K is the graph obtained by contracting this chain to a vertex. In computing the flow polynomial of an amallamorph M of the graph G(M ) where the edges of G(M ) become sheafs of edges (multiple edges), it is efficient to remove an entire sheaf in one step instead of removing one edge at a time. Read and Whitehead [3] obtain the "SRF" or the Sheaf Removal Formula:
In SRF, M is a multigraph having a sheaf of m edges, K is the graph obtained from M by contracting the sheaf to a vertex, and H is the graph obtained from M by deleting the sheaf.
The Chromatic Polynomial of Petersen Graph Homeomorphs
Read and Whitehead [3] obtained the following formula for the chromatic polynomial of homeomorphs of a graph G. If we take G to be the Petersen graph, then the action of the automorphism group on the power set of E, where E is the edge set of the Petersen graph, partitions the power set of E into 396 orbits (equivalence classes). Of these 396 orbits, only 22 orbits contain edge sets whose induced subgraphs contain no bridges. 
Chromatic Equivalences of Petersen Homeomorphs
In this section we study the chromatic equivalence of the homeomorphs of the Petersen graph P . In Figure 2 a letter labeling an edge of P indicates the number of edges in the subdivision of that edge. All homeomorphs of the Petersen graph from 16 edges through 25 edges were generated by computer. The chromatic polynomial of each of these homeomorphs was computed by the formula described in Section 2; the computer produced pairs of chromatically equivalent homeomorphs which were printed out and studied. Theorem 3.3 contains results of this study. In order to complete the proof of the Theorem 3.3, we need to establish the following two lemmas. Proof: Apply CRF to the chains h and f of R. This gives four graphs whose polynomials sum to that of R. Now apply CRF to chains f and h of S . The same four graphs are produced, showing that R and S have the same chromatic polynomial. Figure 4 are chromatically equivalent. 1,a,1,1,1,1,b,1,a,1,a,1,a,a)  (1,1,a,1,1,1,1,1,1,a,a,1,b Proof: For the sake of brevity, we shall only prove the chromatic equivalence of pair number 1. Graphs G and H are shown in Figure 5 . Apply CRF to the chain d of G. This gives two graphs G 1 and G 2 whose polynomials sum to that of G. Now apply CRF to the chain d of H . This gives two graphs H 1 and H 2 whose polynomials sum to that of H. Note that G 1 ∼ = H 1 and P (G 2 , ω) = P (H 2 , ω) by Lemma 3.2. Hence P (G, ω) = P (H, ω) . The chromatic equivalence of the other pairs in Theorem 3.3 can be established in a similar manner. 
Lemma 3.2 The homeomorphs M and N in
In this equation, µ(U ) is the number of edges in U , p denotes the number of vertices in M and P (M U , ω) denotes the chromatic polynomial of M U . M U denotes the multigraph obtained from M when each edge in U is contracted to a vertex. Because P (M U , ω) = 0 if the multigraph M U contains a loop, we can restrict the summation to be over subsets U of E where M U contains no loops. If we take M to be the Petersen graph, then the action of the automorphism group on the power set of E, where E is the edge set of the Petersen graph, partitions the power set of E into 396 orbits (equivalence classes). Of these 396 orbits, only 130 orbits contain edge sets where the graph M U contains no loops. These 130 orbits vary in cardinality from 1 to 120. The sum of the cardinalities of these 130 orbits is 8576. Thus Equation 4.2 is practical for computer computations. Holton and Sheehan [1] describe many properties of the Petersen graph P (See Figure 2) . The automorphism group of the Petersen graph contains 120 elements. This group is both vertex-transitive and edge-transitive.
Flow Equivalences of Petersen Amallamorphs
In this section we study the flow equivalence of the amallamorphs of the Petersen graph P . In Figure 2 a letter labeling an edge of P indicates the multiplicity of the edge in that sheaf. All amallamorphs of the Petersen graph from 16 edges through 22 edges were generated by computer. The flow polynomial of each of these amallamorphs was computed by the formula described in Section 2; the computer produced pairs of flow equivalent amallamorphs which were printed out and studied. Theorem 5.3 contains results of this study. In order to complete the proof of the Theorem 5.3, we need to establish the following two lemmas. Figure 6 are flow equivalent. Since Proof: For the sake of brevity, we shall only prove the flow equivalence of pair number 1. Graphs G and H are shown in Figure 8 . Apply SRF to the sheafs c and g of G. This gives four graphs whose polynomials sum to that of G. Now apply SRF to the sheafs g and c of H. This gives four graphs whose polynomials sum to that of H. By Lemma 5.2, these sums are equal. 
Lemma 5.1 The amallamorphs R and S in
R 1 ∼ = S 1 , then F (R, ω) = F (S, ω).
